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CONTAINMENT VESSEL LEAK-RATE TESTING --mnL 
EXPERIENCES AT THE NASA 

PLUM BROOK mACTOR 

By E. G. Keshock I w 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio 

SUMMARY 

The leak rate of the Plum Brook Reactor (PBR) containment vessel has 

been measured by two methods - the absolute-temperature-pressure method 
and the reference-system method. Both methods are described, and the 

equations for leakage in each method are investigated in detail. The re- 

sults of three leak-rate tests in which both methods were employed simul- 

taneously show substantial agreement. In one of these tests the accuracy 

of results was verified experimentally by employing a known leak rate. For 

PBR test conditions the absolute method was found to offer greater overall 

simplicity than the reference-system method. However, the reference-system 

method consistently yielded results having less scatter than the absolute- 

method results and proved to be an accurate and satisfactory method of 

measurement. 

IITIRODUCTION 

In order to ensure the safety of the general public, the operation of 

a nuclear reactor is subjected to comparatively extreme and rigid safeguards 

against an accidental release of fission products resulting from an 
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uncontrolled nuclear accident. One of t h e  s t r u c t u r a l  de t e r r en t s  t o  such a 

release i s  a v i r t u a l l y  leak- t igh t  containment vessel t h a t  completely sur- 

rounds the reac tor  core and pressure tank ( f ig .  1). The t igh tness  require- 

ments of a containment vessel ,  which are generally qu i t e  extreme, are 

establ ished from considerations of:  

(1) The maximum credib le  nuclear accident and t h e  r e s u l t a n t  f i s s i o n  

product concentration i n  the containment vessel  

( 2 )  Meteorology as related t o  the dispers ion of f i s s i o n  products 

(3) Permissible rad ia t ion  exposure t o  the general  public. 

As  an example of these  t igh tness  requirements the  520,000 cu f t  Plum Brook 

Reactor (PBR) containment vessel  i s  subjected t o  a maximum allowable leak 

r a t e  of 115 standard cu ft /day a t  an overpressure of 0.3 lb/sq in. gage. 

To ensure t h a t  these  requirements are continually satisfied, it i s  necessary 

t o  conduct per iodic  o r ,  i dea l ly ,  continuous leak-rate tests. 

The leak-rate t e s t i n g  of a containment vessel, which i s  qu i t e  simple 

i n  pr inc ip le ,  i s  ac tua l ly  quite d i f f i c u l t  and t i m e  consuming i n  pract ice .  

Since a tes t  involves measuring an extremely s m a l l  leak rate, t h e  i n i t i a l  

problem i s  one o f  determining t h e  extent t o  which a number of o rd ina r i ly  

in s ign i f i can t  var iab les  may a f f e c t  the accuracy of r e su l t s .  As an example, 

f o r  PBR conditions a 1' F change i n  vesse l  air temperature could completely 

mask a f u l l  day of leakage a t  t h e  maximum allowable l e a k  rate; therefore ,  

it is  essential that  t h e  average temperature of t h e  520,000 cu f t  volume 

be measured with g rea t  accuracy and precision. 

Because of such typ ica l  difficult ies it i s  not unusual t h a t  a t  various 

r eac to r  s i t e s  t e s t i n g  periods on the order of a week have sometimes been 
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required before the  leak r a t e  was determined with s u f f i c i e n t  accuracy. 

an accurate t e s t i n g  method requir ing a sho r t  t e s t i n g  period i s  des i rab le  f o r  

reasons of economy alone. 

Hence, 

The two t e s t i n g  methods most commonly employed are t h e  absolute- 

temperature-pressure method and t h e  reference-system method. 

varying degrees of success. 

Both have had 

I n  the  absolute  method the  leakage is  determined d i r e c t l y  from measure- 

ments of t h e  absolute  temperature and pressure together  with t h e  equation 

of state f o r  a per fec t  gas. 

Heineman and Fromm (ref. 1) i n  t e s t ing  the  Experimental Boiling Water 

Reactor (EBWR) vessel .  In t h e i r  i n i t i a l  t es t  a period of 8 days was re- 

quired before the  l eak  rate w a s  determined t o  t h e  des i red  accuracy (ref. 2).  

I n  subsequent tests they were ab le  t o  reduce t h e  t e s t i n g  period t o  a day o r  

two pr inc ipa l ly  because an absolute  manometer, which could be read t o  

0.001 in .  Hg, w a s  employed. 

This method has been successful ly  employed by 

The reference-system method was f i r s t  proposed by Untermeyer and Layton 

(ref. 3) and used by them t o  test  the  Val lec i tos  Boiling Water Reactor 

(Om) vessel. I n  t h i s  method t h e  leakage i s  indicated by t h e  pressure 

d i f f e r e n t i a l  between the  vesse l  being t e s t e d  and a leak- t igh t  system of 

tubing d i s t r i b u t e d  within t h e  vesse l  where both are a t  t h e  same overpressure 

i n i t i a l l y .  

pensation, which permits increased accuracy because only pressure measure- 

ments, obtainable  with g rea t  accuracy and precis ion,  are required. 

The pr inc ipa l  a t t r a c t i o n  o f  t h i s  method i s  i ts  temperature com- 

However, 

$ t  may be questioned as t o  whether or  not a reference system i s  t r u l y  tem- 

pera ture  compensating. The w a l l  of the reference system i n  i tself  o f f e r s  
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a resistance to the passage of heat. 

variation, there w i l l  be only two times when the reference system and con- 

tainment vessel temperatures are identical because of an unavoidable thermal 

time lag. If a reference system is not temperature compensating, it would 

then be necessary to make direct temperature measurements in this method 

also as in the absolute method. 

then be superfluous. 

Hence, during a diurnal temperature 

Use of the reference-system method would 

Despite such conceivable shortcomings, the successful use of the 

reference-system method has been reported in references 3 and 4. In refer- 

ence 4 it was reported that the Dresden containment sphere was tested in a 

30-hr period and that the absolute method would have required a testing 

period of 1 week in order to have been of comparable accuracy. 

a volume of much smaller magnitude (14,500 cu ft) at the Lewis Research 

Center's zero-power research reactor both methods were employed. 

methods yielded closely agreeing results, but the data from the reference- 

system method was more consistent and convenient (unpublished NASA test 

data). 

In tests of 

The two 

In contrast to the foregoing experiences, however, Jaroschek and 

Weippert (ref. 5), after testing the D I D O  and MERZlIN containment vessels 

of the atomic research installation of the Landes Nordheim-Wesfalen at 

Julich, Germany in which both methods were employed, recommended the use 

of the absolute method in all future tests. 

ture measurements were also required in the reference-system method, which 

accordingly did not offer any improvement in the accuracy of results. 

measurements with the reference-system method could not be evaluated and 

They concluded that tempera- 

Their 
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compared with the absolute-method results because the reference system did 

not show sufficient tightness. 

For one planning a leak-rate test, the conflicting experiences reported 

make the choice of a testing method somewhat problematical. Probably the 

best introduction to the problems involved in various testing methods may 

be found in reference 2. 

found in reference 6. 

Also, a brief survey of testing methods may be 

In the first three PBR tests, the reference-system method was employed. 

In addition, however, the measurements of the vessel air temperature, which 

were originally made primarily for general monitoring purposes, were also 

used to determine the leak rate by the absolute method. Thus, the results 

of both methods have been compared in order to aid test engineers in the 

choice of a testing method. In addition, the expressions for leakage in 

both methods have been investigated in detail in order to establish the va- 

lidity of some of the objections to the reference-system method. 

The purposes of this paper are: 

(1) To describe, analyze, and compare the methods used to measure the 

PBR containment vessel leak rate 

(2 )  To present some of the experiences encountered in testing the PBR 

containment vessel 

It should be added that the major part of this report is devoted to 

the reference-system method of measurement. 

believed necessary in the case of the absolute method, since the measuring 

methods and instruments involved are quite familiar and straightforward. 

The same treatment was not 
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SYMBOLS 

P pressure 

AP 

R gas constant 

T temperature 

v volume 

W weight of air 

T time 

Subscripts: 

difference in pressure between containment vessel and reference system 

ind 

r 

S 

V 

0 

1 

2 

indicated or measured value 

reference-system properties 

indications of any system of temperature sensors 

containment vessel properties 

time at which pressurization is completed and reference system is 

isolated from containment vessel 

time of first measurements 

time of later measurements 

Discussion of Equations Employed 

In the absolute method, where a perfect gas is assumed and the equation 

of state is employed, the weight of air within the pressurized vessel at 

the initiation of the test is 

At any later time, the weight of air is 



If a constant vessel volume is assumed, the fractional loss of contained 

air from equations (1) and (2) is 

In an actual test a system of temperature sensors is required to 

measure Tv,, and Tv,2. Generally the measured average temperature w i l l  

not be identical to the true average temperature because of instrument in- 

accuracies, personal error, and inadequate sampling. Hence, making a dis- 

tinction between the indicated and actual average temperature, the indicated 

leakage is 

The actual fractional weight loss may be obtained from equation (4) by 

multiplying both Ts,l and Ts,2 by appropriate temperature ratios as 

fo l lows  : 

which is identical to equation (3). In an actual test Tv is not known 

but is estimated by 

leakage, is not usable. To be in a usable form, two temperature ratios 

Ts, and hence equation (5) , the exact expression for 

must be neglected, resulting in equation (4), the indicated expression for 

leakage. The foregoing distinction between indicated and actual quantities 

is made primarily for a later discussion and comparison of the absolute and 

reference-system methods. 



- a -  

I n  the  reference-system method, consider t h a t  the vesse l  and reference 

system have been brought t o  t h e  t e s t ing  pressure. 

then closed a t  t i m e  

Since a period of t i m e  has elapsed between closing t h e  reference system 

and taking t h e  first set of readings, t h e  d i f fe rence  i n  t h e  pressures  of 

t h e  reference system and t h e  containment vesse l  is  

The reference system i s  

T ~ ,  and t h e  required per iodic  measurements are begun. 

Wr ,lRr,lTr, 1 - Wv, I%, lTv, 1 = LIP1 
Vr,l Vv, 1 Pr,1 - Pv,1 = 

A t  any la ter  time, 

It i s  assumed t h a t  

(1) R is a constant throughout t h e  t es t  and i s  t h e  same i n  both the  

reference system and t h e  containment vessel .  

( 2 )  The densi ty  of air  within the reference system i s  constant. 

(3) The reference-system and containment vesse l  volumes are constant. 

Then solving f o r  t h e  weight of a i r  i n  the  vesse l  a t  both t i m e s  results i n  

From equations (8) and ( 9 )  it can be determined t h a t  
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Using the equation of state to modify equation (10) produces the final ex- 

pression for the percent l o s s  as given in reference 2 

Equation (11) suggests that, even if the ref erence-system temperature 

were equal to the vessel air temperature at a l l  times (i. e. , Tr,l E Tv,l 
and 

perature continuously. 

it would be pointless to use the reference-system method, which supposedly 

offers the advantage of eliminating direct temperature measurements. However, 

without making any additional &.ssumptions., equation (11) may be rearranged 

into the more meaningful and convenient form 

Tr,2 = Tv,2), it would still be necessary to measure the vessel air tem- 

If the vessel air temperature measurements are required, 

From this equation it would still seem that temperature measurements must 

be made; however, as in equation (5) a distinction between the indicated 

and actual temperatures (implicit in eqs. (6) and (7)) has a l s o  been made 

here. 

(Pv,l + AP1)/(Pv,2 f AP2) = TyJ1[T'r,20 

tion (12) and compared to equation ( 5 ) ,  the two equations are seen to be 

equivalent; the only difference is that equation (5) applies to any system 

of temperature sensors, whereas equation (12) applies to a particular type 

of temperature sensor, a reference system, which may be thought of as a 

gas thermometer. 

cause the true average vessel temperature 

Furthermore, from the perfect gas law it may be shown that 

If this is substituted into equa- 

In practice it Is not possible to use equation (12) be- 

Tv is not determinable on account 
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of  sampling l imi t a t ions  alone. Hence, t h e  two temperature r a t i o s  must be 

neglected, and the  indicated values of temperature (Pv + AP), are used t o  

determine an indicated value of t h e  f r ac t iona l  weight loss  according t o  

t h e  expression 

@v,l + el) 
(pv,2 + a 2 1  

Les t  neglecting these  temperature r a t i o s  be viewed as a fundamental short-  

coming of t'ne reference-system method, it should be noted that two tempera- 

t u r e  r a t i o s  must likewise be neglected i n  t h e  absolute method (see  eqs. (5) 

and (4)); i n  both instances these r a t i o s  r e s u l t  from dis t inguishing between 

t h e  ind ica ted  and ac tua l  temperatures. 

indicated f r a c t i o n a l  l o s s  results would be ind ica t ive  of t h e  accuracy with 

which t h e  ac tua l  average temperature is  measured. 

I n  both cases t h e  s c a t t e r  i n  t h e  

PRECISION AND ACCURACY OF RESULTS 

I n  t h e  case of two temperature measuring systems t h a t  sample e s s e n t i a l l y  

t h e  same portions of a volume, the  comparative s c a t t e r  of results f o r  a 

l a r g e  number of measurements will be influenced by the  precis ion a t t a inab le  

i n  each method. Hence, i n  the  present case, it would appear t h a t  t h e  com- 

pa ra t ive  s c a t t e r  of da ta  depends upon whether t he  "temperature" sensed by 

t h e  reference system (Pv + AP), may be measured with g rea t e r  precis ion than 

t h e  d i r e c t  temperature measurement T,, i n  t h i s  case obtained by thermo- 

couples. 

which may be seen by rearranging equations (5) and (12) t o  the  forms 

However, t he  s c a t t e r  of data  i s  dependent upon another condition, 
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and 

2 pv 2 
Tv, 2 

Any errors present in the measurements at 

error in the results of both methods. 

a fixed error is of little consequence. 

reference-system method at 22, an error in Pv,2 w i l l  result in the same 

error being introduced into the "temperature" measurements ( Pv,e + APz}. 
The ratio 

A 1-percent error in Pv,2 

the ratio Pv,2/(Pv,2 + AP2). 

temperature and pressure measurements are, in a sense, coupled, resulting in 

the virtual cancellation of pressure measurement errors. 

T~ become a source of fixed 

Since a leak rate is being measured, 

For the measurements by the 

Pv,z/(Pv,2 + AP,), however, will not be changed significantly. 

will result in an error of only 0.01 percent in 

In the reference-system method, then, the 

In the absolute method, an error in P is quite independent of the 
VI 2 

measurement of 'pv,2. 

tremely precise and accurate, any pressure measurement errors would produce 

scatter in the percent loss results. 

P,,z 

Thus, even if the temperature measurements were ex- 

In this case a 1-percent error in 

will a l s o  result in a 1-percent error in the ratio Pv,z/Tv,2. 

Hence the comparative scatter in the fractional weight loss results is 

not only attributable to the relative precision and accuracy of temperature 

measurements in each method but is partly a consequence of the interdependence 

of the "temperature" and pressure measurements in the ref erence-system method. 
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I n  comparing t h e  accuracy of t h e  two methods t h e  e f f e c t s  of diurnal  

temperature va r i a t ions  on each s e t  of temperature ind ica t ions  should be 

considered. During d iurna l  temperature var ia t ions,  t h e  small mass of a 

thermocouple enables it t o  respond v i r tua l ly  i n s t a n t l y  t o  such changes. A 

reference system is quite massive by comparison, however, and, desp i te  the 

long period of da i ly  temperature cycles, the  thermal t i m e  response may be 

prohib i t ive ly  l a r g e  i f  it is  considered that only a 1' F temperature e r r o r  

could completely mask t h e  allowable leak rate. 

Because of t h e  uncertainty of thermal t i m e - 1 %  e r ro r s , t he  magnitude 

of t h e  temperature-time lag  of various s ized systems (2,12, and 24 in. diam. ) 

was inves t iga ted  ana ly t i ca l ly  (ref. 7) .  The reference system was considered 

as an i n f i n i t e l y  long "sol id"  cylinder of air  i n  which heat t r a n s f e r  occurs 

only by conduction. 

layer of air  i n  order t o  provide conservative results. 

varying surface temperature with a period of 

8' F, 

t i o n  from reference 8. 

2-in. -diameter system w a s  calculated t o  be 1 .4  percent,  while f o r  12- and 

24-in.-diameter systems t h e  m a x i m u m  errors are 90 and 280 percent, respec- 

t i ve ly .  These estimates are probably overly conservative, however. Prac- 

t i c a l l y ,  a system of about 1/2-in. diameter would be much more convenient 

t o  employ, and the.thermal time-lag errors could be considered negligible.  

With such a system it may be concluded that t h e  accuracy of average tempera- 

tu re  measurements would more l i k e l y  be l imi ted  by the  i n a b i l i t y  t o  adequately 

sample t h e  vessel volume. 

The meta l l ic  (copper) wall was replaced by an equal 

For a sinusoidal ly  

8 h r  and an  amplitude of 

t h e  var ia t ion  of center l ine  temperature was  determined using a solu- 

The m a x i m u m  e r ro r  due t o  a thermal t i m e  lag  i n  t h e  
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A t  t h e  o ther  extreme 

a system of thermocouples 

instrument would r eac t  t o  

it i s  conceivable that 

could a l so  be a source 

the extreme s e n s i t i v i t y  of 

of error .  A fast response 

v i r t u a l l y  every passing air mass and hence give 

nonrepresentative indicat ions.  To prevent such errors the  thermocouples 

could perhaps be imbedded i n  small copper blocks, which would damp out 

spurious temperature f luctuat ions.  

I n  comparing the two methods of temperature measurement, it i s  obvious 

that the  reference system affords  the  advantage of continuous s p a t i a l  

sampling i n  cont ras t  with t h e  point  samplings obtained from a system of 

thermocouples, I n  t h e  f i rs t  three  leak-rate  tests conducted,at t he  PBR i n  

which both methods were employed simultaneously t h e  s p a t i a l  o r ien ta t ion  of 

both temperature measuring systems was e s s e n t i a l l y  t h e  same. Hence, t h e  

comparative scatter of da t a  should be ind ica t ive  of the relative ove ra l l  

precis ion of each measuring method. 

Because of t he  typ ica l ly  l a r g e  containment vesse l  volumes it  is  

des i r ab le  t o  have some ce r t a in ty  that the leak- ra te  ind ica t ion  i s  an accurate  

one, r a t h e r  than merely a r e f l e c t i o n  of loca l ized  conditions. 

t h i s  w a s  accomplished by superimposing a known l eak  r a t e  upon t h e  ex i s t ing  

vesse l  l eak  rate during p a r t  of t he  t e s t  period. 

i s  accurate ,  t h i s  w i l l  produce a corresponding change of slope i n  t h e  ind i -  

cated weight l o s s  aga ins t  time curve. 

I n  PBR tests 

If  t h e  measuring system 

Description of Containment Vessel 

The PBR core and i t s  pressure tank are housed within a cy l ind r i ca l  

steel  containment vesse l  having an e l l i p t i c a l  top  as shown i n  figure 1. 

The containment vesse l  has an inner  diameter of 100 f t ,  and i ts  height above 
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grade i s  approximately 55 ft. The w a l l  extends downward t o  t h e  shielding 

pool f l o o r  l eve l ,  25 f t  below grade, and then continues on as t h e  contain- 

ment vesse l  bottom. The shielding pool, which surrounds t h e  reac tor  pres- 

sure  tank, i s  approximately 70 f t  i n  diameter and i s  divided i n t o  quadrants 

( f ig .  2). Surrounding t h e  pool and ins ide  the  containment tank i s  an 

annular space 13 f t  wide and 25 f t  deep. Pa r t  of t h e  annulus i s  occupied 

by a canal.  The canal and three of the quadrants are normally f i l l e d  with 

water t o  a depth of 25 f t ,  and the  t o t a l  exposed water surface a rea  i n  t h i s  
3 gco 

case i s  sq ft, 

The containment vessel  i s  surrounded by t h e  reac tor  building t o  a 

height of 27 f t  above grade- The reactor  bui lding houses t h e  reac tor  

cont ro l  room, o f f i ces ,  shop and personnel facil i t ies,  and experimental areas. 

Hence t h e  r eac to r  bui lding serves as an in su la t ing  mass, which helps  t o  

maintain a constant room temperature within t h e  containment vessel .  The con- 

tainment vesse l  dome i s  a l s o  covered with 2 in. of f i b e r  g l a s s  insulat ion.  

The w a l l  and dome s t ruc tu re  i s  3/4-in. p l a t e ,  while the  bottom disk  i s  

welded 3/8-in. p la te .  

a i r - lock  doors and a t ruck  door. 

Access t o  t h e  vessel  i s  gained through two sets of 

Penetrat ions of t he  vessel  f a l l  i n t o  th ree  categories  - welded, potted,  

and gasketed. Service l i n e s  are welded, e l e c t r i c a l  l i n e s  are potted,  and all 

doors a r e  gasketed. Since pot ted and gasketed seals are most suscept ib le  t o  

leakage, these  two types are employed i n  a double seal arrangement ( f ig .  3) 

with t h e  volume between being maintained under a vacuum. The pot t ing  com- 

pound which has been most sa t i s fac tory  t o  d a t a  i s  Minnesota Mining and Manu- 

fac tur ing ' s  type Ec 801. The vacuum system re turns  any col lected leakage 
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to the containment vessel. 

Procedure and Apparatus 

In the first three tests both the absolute and reference-system methods 

were employed. 

employed (figs. 4 and 5). One system consisted of a 20-ft length of 2-in. - 
diameter copper tubing, located at the vessel centerline, which was connected 

to an inclined manometer immediately outside the vessel by means of an 80-ft 

length of 1/4-ine-diameter copper tubing. 

60-ft length of 1-in.-diameter copper tubing, which was connected to a 

micromanometer by means of a 20-ft length of 1/4-in. -diameter copper tubing. 

Two systems were employed in order to determine whether or not significant 

temperature gradients were present in the vessel interior. 

ture measurements were obtained from a single resistance thermometer located 

at the approximate geometric center of the vessel and suspended from the 

20-ton crane. 

In the first test, two independent reference systems were 

The second system consisted of a 

Absolute tempera- 
# 

In the second and third tests only the Z-in.-diameter system was employed 

for the reference-system measurements. 

absolute method were obtained from the resistance thermometer and three iron- 

constantan thermocouples soldered to the outer surface of the Z-in.-diameter 

tube and spaced as shown in figure 4. 

Temperature measurements for the 

Absolute pressure measurements were obtained by combining the readings 

of a 10-ft water manometer measuring the vessel gage pressure and a standard 

precis ion barometer. 

Water vapor pressure measurements were made at two positions along the 

vessel centerline. 

A description of the instruments employed is as follows: 
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(1) One micromanometer and one inclined water manometer for measuring 

the pressure differentials between the conMnment vessel and the 1- and 

2-in.-diameter reference systems, respectively; least division, 0.01 in. 

(Both the micromanometer and inclined manometer were filled with a fluid 

that had a saturated vapor pressure of 0.00005 in. of water at 77' F to 

eliminate the necessity of making vapor pressure corrections in the refer- 

ence system. ) 

(2)  One 10-ft water manometer for measuring the pressure differential 

between the containment vessel and the atmosphere; least division, 0.1 in. 

(3) One standard precision mercury barometer; least division, 0.01 in. 

(4) One gas flowmeter for metering a controlled leak; range, 0 to 

165 cu ft/hr; least division, 0.1 cu ft. 

(5) Two Foxboro (Dewcel) dewpoint indicators for measuring the partial 

pressure of water vapor in the vessel atmosphere; least count, -0.1' F 

dewpoint temperature. 
~ 

(6) One potentiometer for Dewcel and thermocouple measurements; least 

division, 0.001 mv. 

(7) One Mueller bridge for the resistance thermomeber.-measurements; 

least division, 0.001 R. 

P R O C E m  

A l l  PBR tests are accelerated: that is, the vessel overpressure is 

4 lb/sq in. gage rather than the 0.3 lb/sq in. gage calculated for the 

maximum credible accident. 

rate is 1530 standard cu ft/day or 4 - 2 7  percent of the initial total weight 

of contained air per day. 

At the higher overpressure the allowable leak 
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A typical test procedure is as follows: The reference system (includes 

all tubing, vaves, and manometer connections) is first thoroughly tested 

for leaks with a helium mass-spectrometer. This check may be conducted with 

the system in the vessel but not in its test position. The reference system 

is next subjected to an additional test by pressurizing to 50 lb/sq in. gage 

for a 12-hr period, in which time no measurable leakage is permissible. 

During the latter test, a l l  remaining instrumentation is installed and 

checked out. 

established, the containment veesel is isolated simply by energizing the 

containment s e a l  button in the reactor control room, which automatically 

closes valves in all those lines which could possibly provide a path for any 

leakage from the containment vessel. 

When proof of the integrity of the reference system has been 

The vessel is then pressurized to 1 lb/sq in. gage by two 500 hp 

Ingersol-Rand compressors in a few minutes. Valves 2, 3, 5, and 6 (fig. 5) 

are left open to permit the simultaneous pressurization of the reference 

system and containment vessel. 

check for large leaks. After eliminating any leaks so found, the vessel is 

further pressurized to 4 lb/sq in. gage. 

isolated by closing valves 2 and 3, and a thorough soap-bubble check is made 

of a l l  likely points of leakage. Throughout this check the differential 

pressure in the inclined manometer is monitored. 

time data appear to indicate a leak rate significantly lower than the 

allowable, the recording of data is begun. 

The vessel is then given an audiovisual 

The reference system is then 

As soon as the pressure- 

Data are taken at I-hr intervals for a period of 48 hr. During the 

last 16 hr of the test, valves 1 and 4 are opened and adjusted to permit 

. .  
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air  t o  be bled from t h e  vessel  through a gas flowmeter at a rate roughly 

equal t o  the  allowable. 
t 

Throughout t h e  test, four  air conditioning u n i t s  are i n  operation so 

Circulat ion as t o  maintain a constant air temperature and r e l a t i v e  humidity. 

of t h e  vessel  air  is  effected by these uni t s ,  which are spaced equally 

around t h e  vessel  w a l l .  

across  the  dome toward t h e  center  of t he  vessel  where mixing occurs. 

Each u n i t  c i r cu la t e s  a i r  upward along t h e  wall and 

CORRECTION FACTORS 

I n  PBR tests it w a s  found necessary t o  measure and cor rec t  f o r  

(a) Decrease i n  reference-system pressure caused by changing water 

l e v e l  i n  inc l ined  manometer (volume change) 

(b)  Changing water vapor pressure i n  containment vessel  air  

Also, s ince  t h e  air conditioning un i t s  are pneumatically controlled,  a i r  

i s  normally introduced i n t o  t h e  vessel in te rmi t ten t ly .  

these  u n i t s  are converted t o  operate  off  of a pressurized bo t t l ed  nitrogen 

supply. The change i n  weight of t h e  nitrogen b o t t l e  over t he  test period 

permits an appropriate correct ion t o  be applied t o  t h e  indicated l eak  rate. 

During a test ,  

RESULTS 

The r e s u l t s  of t h r e e  tests are shown i n  f igures  6, 7, and 8. The 

"best  f i t "  leak rates were obtained by t h e  method of least squares. 

limits of e r r o r  were estimated by assuming a gaussian d i s t r i b u t i o n  of t h e  

f r a c t i o n a l  weight loss  da t a  and calculat ing t h e  standard deviation by 

s tandard s t a t i s t i c a l  methods. 

The 

I n  the  first tes t  ( f ig .  6), t h e  results of t h e  two reference systems 

Since the  spatial  or ien ta t ion  of the systems was are v i r t u a l l y  t h e  same. 
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di f fe ren t ,  it was concluded t h a t  t h e  temperature gradients  i n  t h e  vessel  

i n t e r i o r  were not s ign i f icant ;  thus, a s i n g l e  system was used i n  subsequent I 

tests. The r e s u l t s  of both methods a re  i n  agreement. Also, t he  s c a t t e r  

i n  t h e  reference-system results i s  s ign i f i can t ly  less than t h a t  i n  t h e  

abso lu teae thod  results. 

I n  t h e  second tes t  ( f ig .  7 ) ,  both methods again agree but not as w e l l  

as i n  the  first test. The s c a t t e r  of results i s  again smaller i n  t h e  

reference-system method. 

I n  the t h i r d  test  ( f ig .  8), it was establ ished t h a t  t h e  res i s tance  

thermometer readings were erroneous throughout t h e  test  period, which pre- 

vented a leak-rate  determination from these  temperature measurements. 

number of thermocouple measurements were suspected of being inaccurate; 

s ince  t h i s  could not be proven with cer ta inty,  t h e  f r a c t i o n a l  weight l o s s  

r e s u l t s  were p lo t t ed  but  were not included i n  t h e  least-squares  o r  e r r o r  

calculat ions.  

A 

The t h i r d  tes t  d i f f e r s  s ign i f i can t ly  from the  first two i n  t h a t  a 

control led l eak  period was incorporated t o  check t h e  accuracy of  results. 

The control led leak rate introduced w a s  measured t o  be 0.226 percent per  

day. 

reveals t h e  general  agreement and accuracy of both methods. 

of results was again s ign i f i can t ly  l e s s  i n  t h e  reference-system method. 

Subtracting t h i s  amount from t h e  ind ica t ions  of t h e  previous period 

The s c a t t e r  

Considering t h e  three  t e s t s  together, i b a p p e a r s  t h a t  t h e  only t i m e  

undue s c a t t e r  occurred was during comparatively rapid temperature changes. 

It a l s o  appears t h a t  any temperature changes were accompanied by an increase 

i n  t h e  scatter of results. Since it has been shown by a thermal time-lag 
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inaccuracies, such scatter may be attributed to the concurrence of the 

following: 

(1) The incomplete sampling of the vessel atmosphere 

(2) The spatial temperature variation o f  the vessel air 

The foregoing conclusions a lso  apply to the absolute-method results. In 

addition, since the scatter of results was never so great as to make the 

trend of data unrecognizable or unmeaningful, the accuracy of the average 

temperature and water vapor pressure measurements was indicated to some 

extent. Although the accuracy of both methods was experimentally verified 

by means of the known leak-rate method, the scatter of future test results 

might be reduced by increasing the number of dewpoint sensors employed. 

Experiences have shown that absolute method offers a greater overall 

simplicity than the reference-system method does; the problems associated 

with the preparation and installation of a few thermocouples are much 

smaller than those associated with the preparation of a reference system. 

However, the reference-system method consistently yielded results having 

less scatter than the absolute-method results did and proved to be an 

accurate and satisfactory method of measurement. 

At higher testing pressures it is unlikely that the vessel gage pres- 
: w # % x  

sure may be measured to 0.W in.,as in these tests. 

the observations in the section Precision and Accuracy of Results, a 

In accordance with 

larger error in the pressure measurement would be of mch less consequence 

in the reference-system method. 

absolute-method results, it would be necessary to increase the accuracy of 

To counteract the increased error in the 



- 21 - 

temperature measurements, perhaps by increased sampling. Hence, a t  higher 

t e s t i n g  pressures t h e  maintenance of t h e  same r e l a t i v e  accuracy i n  t h e  two 

methods would probably necess i t a t e  increased complication i n  the absolute  

method. 

Various Testing Experiences 

I n  t h e  first tes t  a l l  l eak  searches were conducted outs ide the  vessel .  

I n  subsequent tests, many more l eaks  could be found by en ter ing  the  vesse l  

through t h e  air  locks, while a t  t h e  t e s t ing  pressure,  and l i s t e n i n g  f o r  

leakage. 

within t h e  vessel  was low enough t o  allow even minute leaks  t o  be heard. 

The l a r g e s t  leaks found were through valves and around e l e c t r i c a l  cable 

penetrations.  

cable  sheath and t h e  pot t ing  i n  the  penetration seal; t he  o ther  ha l f  

occurred along t h e  in s ide  of t h e  cable because of f a u l t y  end pot t ing  on cut 

cable sheaths. A quick s e t t i n g  rubber cement w a s  used f o r  repair .  A l l  of 

these  leaks  were eas i ly  f ixed s ince  the air pressure forced t h e  cement i n t o  

t h e  leak with a self-caulking action. 

only s l i gh t ly .  

When as many systems as possible were shut  down, t h e  noise l e v e l  

I n  t h e  lat ter,  about half:lof the  l'eaks were between the  

Door s e a l s  were observed t o  leak 

Only two f a u l t y  pipe penetrat ions were found. 

SUMMARY OF RESULTS AND CONCLUSIONS 

Reviewing both t h e  experimental and ana ly t i ca l  aspects  of t he  PBR l eak-  

rate t e s t i n g  program, some of t he  more s i g n i f i c a n t  r e s u l t s  and conclusions 

a r e  : 

1. Thermal time-lag e f f e c t s  i n  the reference-system method may be made 

i n s i g n i f i c a n t  by making the  reference system of s u f f i c i e n t l y  small diameter 

tubing ( 4 2  in .  ). Consequently, the accuracy with which such a reference 
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system senses the average vessel  air temperature is  l i k e l y  t o  be l imi ted  by 

sampling errors .  

2. I n  a l l  three tests conducted t o  date, t h e  leak-rate determinations 

of both t h e  absolute  and reference-system methods were i n  subs t an t i a l  agree- 

ment. 
_ -  

3. I n  a l l  cases the  reference-system method cons is ten t ly  yielded re- 

s u l t s  having less scatter than those of  the  absolute  methob 

4. For PBR conditions t h e  absolute method o f f e r s  t h e  advantage of 

g rea t e r  overa l l  s impl ic i ty ,  although t h e  reference-system method proved 

t o  be an accurate  and sa t i s f ac to ry  method of measurement. Also, at higher 

t e s t i n g  pressureq t h e  r e l a t i v e  s implici ty  probably decreases. 

5. The accuracy of the leak- ra te  results may be conveniently i l l u s t r a t e4  

experimentally by superimposing a known l e a k  rate upon t h e  vessel  leak rate 

during p a r t  of t h e  test period. 

The author is  pa r t i cu la r ly  indebted t o  Claude E. deBogden who w a s  

responsible  f o r  conducting all of the described tests. 

a l s o  l i k e  t o  thank Richard 5. Crum, Theodore M. Hallman and Howard G. 

Yacobucci for t h e i r  suggestions and assis tance.  
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Figure 6 .  - Leak-rate t e s t  1. 
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